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ABSTRACT
This 9eo!;echni~,l ~|udy assessed the potenti=~l for tltlUefset;on along the ~¢r~m~nto-~n J~aqu~n ~lt~

~y~tam ~n~ld pnltut~ the. ~elfa’~ fresh water u~n which much of Callforni8 depends. Since 1850. oxfdation of
¯ s Delia’s peat soils has caused subsidence on over 740,000 acres. Today. Delta elevations range as low as.
25 feet below sea level and continue to sink at avera~ rates of up to three inch~ ~er year. Del~ levees
exper~n;ed re~rd hlgh water levers five times In the last ten years,

~=v~tal &quedu~ts ~nd ¢anel8 dive~ mu~h of the De{t~’~ fresh w~ter to 8urroundlng rcplon~, ~d
water to two thirds of California’s population and ono qua~er of it= land sre~.

8e~e~al major 8~tive fautts pass neat ot t~rouOh ~he Sacramento-San Jo&quln Dolt& The Delta has not
per~enee~ severe seismic shaking since the great 19~ San ~ranoBco ea~hqu~ke, however, recent
earthquakes t~ave proOuoe~ ~n-~tastrop~c Delta levee ~amage,

This Study ~ound lique]~abte sand to be w{des~read bequeath the levee systems ca most Of the 70 ma~er Delta
islands, The 8usceptibiliW of ~e Deita leve~ to ea~hqu~£e-induced Ifquefa~tion is high, Because of~he high
probability o~ large ea~hqu~kes in t!~e Bay region ia the COming=decades, the ~tent~al for liqu~aetion here
also is high. Therefore, the risk of oatastrophlc terse failure caused by eaRhquakeinduced liqu~a~ion end
the resulting loss ef the Delia’s freshwater resouroe, is high. Unless it is m[ttgated, thi~ r{sk wi{I there&so w~h
continue~ Delta subsidence a#e global Sea level dee.

INTRODUCTION HISTORY OF DELTA DEVELOPMENT
"!’he Sacrame~to-Saa ~oaquin Delta Is [oca~ed a~ the B~ror~ 1850 th¢~ Delta w~s a tideland sw~tnp with

confluen¢~ of the Sacramento ann 5~n Jeaqu~n dve~, rule cove.red {~la~ds that were just awash at h~gh tide
!~medj.ate~y upstr¢~ f~om lh~ San Francisco Bay system.(~hompson, 1982). With the passage o~ t~¢ ~kansas
Nearly one-halt ot ~lttorma’s t~tal rwer volume pass~ Swamp Act in 18~, the F~deral Government grantefl to

Sta~ng ~n 1940, pair ofth~s flow was div~ed tbr munici=reclaimed. The Cal~or~& ~g~slator~ p~ss~a the Ureen Act
p~l ~d ag6caltutal use, At pre~ent~ six major aqueducts ~adin 186& which r~moved a!] ~ntrols on th~
canals ddiver Ddta w~t~ ~ far south as th~ Mexic~ proems, a~d widespread r~lamation be@n ia t~e Ddta.
~tdet and as far west as San Fran¢i~o, Nearly 90 publicPfvale c~t~z~m ~ained title to unreelalm~d land by pzyin~
aZ~nei~s, s~ing over two-thirds of California’s ~pulationsmall filin~ fe~ (usually o~e ~llar p~r aer~) and buiJdin~
and mor~ than one-quarter of its land area, ~atraet for DeLta[ow levees around the area to hold back tidal w~ters. After
water (McClur= and others, t978), the land dried, la~downors stripped th~ islands ofthdr

This f~es~water resoul’ce has a seismic risk thal includes; peat s~il were lost iaa si~le burning.(I) the pt~ttal eartt~quake damage to the Delia’s levee

i~t~ding salt water ttom the Bay; and t2) ea~hquak¢ included ~tatoes and white aspa[agus requi~ng~ l~e, well
damage to the aqueducts tb~ trans~srt t~s fr~hwat~r to til~ so~ls, Delta sods ar~ also low in ~taSSiu~, a~d
much of the state’s ~pulation. This p~per addcesses th~farmers ~tten burn~ the peat to increase ~il ~ulrt~nls.
~tentiaI for eaahquake-caused :damag~ In th~ Delta’s leve~Thes~ farming practices led to subsid~ne~ due to oxidation,
system, d~water~ng~ and deflation. Subsidence cont~nu~ today
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the Dctt~ mo~tly ,~s .z result of c~xidat~o~, ~t r~)#,~ of ~p to taut1. The Hayward, Rodgefs Cr~ek~ a~d S~ A~dre~s faultS,
4.6 inches p~r year w~rh an avenge Io~s o~ ~.0 iv~h¢~ p~r alon~, ar~ re~rtcd ~o hays a 67~ probabilRy of geaerat[ng
~va~’ in the ~¢ntr~[ Dvlta (N~wm~eh) IDle). Over 7A0,O{’~) ~t least ~nc magnitude 7 earthqoake befor~ lh~ year 2020
~ct~ uf th* D~lt~ h~vo ~unk ~inc~ i850 r~q~ir[ng the (WGCEP, 1990).

200,000 acr~ of the Delta mcasur¢ b~]ow ~¢a level with and the Foot,ills (Bear Mountain) fau]t system, may inflictelcvattons as low ~ minus 25 fe~t (Rote, 1982). ~ndown- le~er de~ees of damag~ to t~e D~lta beeaus~ of t~ir.era raised levees as the land sa~k and today ~om~ ~;xcc~ 30ff~at~r distance, Th~ Rio Vista-Sherman Island fault,f~t in ~elght (U.S, Army ~rps o~ Engineers, ~984). Midland ~ault, and Traey-Stoekton fault do not appear W~urg~S and high rNer flow~ led to record high w~ter levels in active (N*wmarch, 1985),the Delta fiw times in the last ton years: 1~82~ ~wice in .
!983, ~d twice in 1986. Studies of modem changes in ~ARTHQUAK~-IND~CED L~V~ DAMAGE
~lobal sea leve! indicate that the Della I~vees are teeing a
rise in sea level of 4 to 5 inches per d~ade (Williams, Ea~hquakes ar~ not known to have caused calasttophie

] 985). Ddta lev~ failureu. ~e D~I)~, however, has
only/;mil~d ~i~m;~ shaking since the fir.~t !~ve~s w~re

HYDROLOOV OF THE DELTA constructed in 1850. The gr~t San Fraaei~e~ emhqt,~k.~
~9o6 ~ho~k the Delta more ~cverely than any oth~r

The Delta is hydrologieally complex. Several major rivers reclamativ~ b~gau. O~[y lir~itcd damag~ occurred then
jl~cludia~ th~ S~cram~nto~ San’~oaquin~ Calavems, bccao~ ~ub~iduu~¢ h~d not yet become a m~jot problem for
~osumnos, m~d Mokeh~mne. join 1o form a single channel levee stability. AI~, because Delta ~lcvatlonz ia 10~6
at Chlpps Istaad. Prior to California’s water devdopment, measured signlfiulmtly hlghcr then today (from sea lcwl to

during potlods of low river fl~W in the summer, salt water exceeded five feet in height. However, mauy Delta
backed np i!~to Su~sun Ba~ and into Ihe Ddta (]ackson and and railroad �mbankments sank to Some extent ~iucident
P~ter~on, 1077). Thi~ consequence was pronounc~ in low with the 1906 eaahquake (~earney, 1980),
rainfall ye~r~. The wor~) ease of documented ~alt waist Finch (19~5) published the first compilation cA damage tointrusion occu~ed ~n S~plv.r~het, 1931, when concenfratio~s

Dolk~ lev~ ~,m weak ~nd d~st~nt e.~.akq,akes. Eighteenof 1~0 ppm cModde re.~ehgd a~ far north as FreeZE and as ex~mpleo of earthquake damag~ are ao~ doe.um~ated (Table

The recognition of the Delta ~ a "’co~oo p~l" tot these ~itos suggest 8~]~e amplification from the D~lta’s
water u~rs I~ to the realization of its vulnerability to salt saturated) uneou~olldal~d ~edJment~ (Finch, lggT). Eight
water ~nlrusion. in June, ~972, a sudden levee t~ilum on lhe twelve mo~t recently d~maged ~I~ l~ted on Tabl~ t ar~
Brannan-Andrus Island drew up salt water from Suisun Bay underlain by low density, ~tentiall~ liquet~bl~ nand~: ~ite
into ~1~ Delia. Som~ 3~,~0 aererfeet of freshwater was nomb~rs 7~ 9, 1 ~, 12, ~5, 16, 17, and !~, S~nd~ ~aturatod
rele~ed from upMfcam dams in a vain attempt to control the sediments are paaicularly ~u~vt:ptlbl, to ljqucfae~on
salinity int~sion and 53,000 tons of additional salts were e~]~quakes.
ptm~ped from the Ddta into export canals (Jackson and ~EISMIC ANALY~I~ OF DELTA L~EESPatersom t977). I~ a 1982 report to the California ~gisls-
t. :e, the Emergency Delta Task Force identified levis as Over,the last ten years the use of sand in repairs of D~lta
erttclal for maintaining Delta water quality. Without the levis became a common practice, SucIJO~ dredges #ace
integrity of its te.vee cy~le.r~, the Delta w~l eventually flood l~s¢ sands on levee crowns, backslopcs) and to~, ~v~
and transform Jute a shallow, inland, ~M~ne hay (Rote, breaks are also repairM with loo~ sand. In 1985, the author
1982). samoled through sandy leve~ ~lions on 59 or" the 70 major

FAULTING NEAR THE DELTA ~)elta i~lands with a 10-foot hand auger. The test holes
r~v~,lcd uniform, medium-grained sands wit!~ low

Several active fault~ with d~maglng earthquake ~tentinl. dansifi~:~ and low standard penetration blow coL~n~ ffabl¢
pass through or n~r lh~ DeIln, "]’h~ more ~romine, nt fati/~z 2). Satt)r~fed r:)>nd~tJons wer~ pr~ent J~l all of the borings,
mctuae; (it the Antioch fault; (2) Calave~ a~ Cnult~ (3) Green Th~se ~nd~ngs toga:thor ind~e.zl~ a hQ, h suseepfibility to
Valley or (~mcord fault~; (4) Greenville fault; (5) Hi~yward wid~pread earthquake.-indu~d levee failure from a meier
i~ult; (6) Rodgers Creek fault; (7) Siermn Block Boanaary e0rthquak, centered in or near the Delta.
~ne (or Wintcrs-Vaeavfl[e) fault; a~d (8) ~an Andreas

.’;) i’
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Table ~, T~bulfltion of Ilqu~fa~$ion potential data: ~andy levee section~ on De#a islands with low relative densities

A~ ..............................................................~ ...............................9 ~ ~.4
~ ..................................... 26% ~t &2 fe~ ............................~ ...........5 ~t R ~
Bs~sl ...................................~% ~ 7 ~ ~t .................................~,,~-~ 5 at 7,9
~shop ..............................................: ...........................................9 ~ 9.4
Boul~tn ............................................35% ~ 6,0 f~t .......................................~0 ~t 39 feet
Brsek ...................................................................................................~---:---5 ~t 5,0 f~ ."
Br~d ..............................................20% ~ 7,1 ~ .........................................4 ~t ~ ? feet
Bran~n-Andr,~ ................................18% ~t 5.0 fe~ ........................................2 at 7,0 f~!
BVmn ....~ ............................................~% at 7.0 feet .......................................5 8 6.0~ .
~n~t Ranch ...............................................................................................2 at 15 feet :
~oaey ..........: ............................................................................; ...................6 at 12fe~
Drexler ............................................................................................................9 at 15 leer
E~beA ......................................~ .......t3% at 17.3 feet .........~ ...........................................
~pire ..........: ................................................................................................4 8t ~.01~[
Fabi~ ...........................................................................................................5 at &o tuut
Gr~d -,-; ............................................~% at 8.0 test .........................................4 ~t 8 ~ f~t
~stings .........................................................................................................~ ~t 5.0 f~t
No,land .............................. ..............!4% atS.5 feet .........................................4 at 15 feet
Ho~¢hklss ..........................................1~% 6t b.O leet ......................................5 et ~ .~ fcct
Jersey ................................................~’~ ~ 4,5 feet .......................................3 ~t 16
Jones: Upper-Lower ............................~5~ ~t 7.0 leer .................................. ~ at 7.~
~g ................................................................................................~ at 7.0
~beffy .............................................!~% ~t 4.~ f~ct .............................~ ~t?.Q
Ma[=d~vili¢ ........................................1~ at 4.~ ~et ................................; .....g at 15 feet
M~O~ac~-w~tt~ .....................................................~ ......................6 at 7.0 f~t
M¢Dena[d ..........................~% ~t 3.8 f~ =r. ......................................B 8t 17 ~et
M~dfOtd .............................................................................................3 ~t 7,0 ~t
Morri~ - ............................................................................................................4 a[t 8 feet
~lew Hope ...................................................................................................7 ~t 5,0 f~t
O~ .............................................27% at 6,5 feet ..........................v: .........4 at 7,1
Palm ................................................35% at 7. feel ..........................................4 at 23 feel
Pierson ............................................................................................................2 a~ ~ feet
Prospect ...........................................23% at 5.7 f~t ..........: ............................3 at 6.5 f~t
Qu(~y ..............................~ .......................................................................5 at 18 t~t
Rir~dge .........................., ..............................................................................~ e~ ~5 t~
Rio Bionic ..................................................~ ...................................................7 ~t ~,
Robe~’. UplM[d/Low ...........................34% af 5,0 feet ........................................~ ~t 7.0
Ry~ .............................................:-- ~% at 7. t~t .........................................8 e~ 27
S~r~enbB~nha~ .................................................................................................4 ~t 10
Sherman ........................................19% a[ 5.B 1eel .......................................4 at 7.0 fect
~h~a .....~ ...............................................................................................: ......io ~t 10

8[aten ................................................................................................~ ~t 10 feel
8~Ret ................................................20% at 5.2 feet ..............................2 at 1~ fe~
181ruinous ............................................................................................4 8t 7 R
I wit#~ell ...........................................~2% 6t !0 feet ...........................~ ~t 1~ feat
~ter = . .....................................~ ~t 1~ feet
Unl~ ...............................................~% ~t + ~ +cot ......................................R at &&
UVVu+ Otwe~ .........................................................................................~ at 10 fee~
Van 8i+~+ ..............Z:-.. - .................................................................4 at 6,5
Ven+~a ...............................~0~+ at ~ 1 {~at ......................................+ at 12 feet
Victoria ..............................................~ 1% at 6+7 +Set .......................................3 ~t 7.0
Webb ................................................84% at 4.8 feet .......................................~ at 82 feet
WaYward ........................................14% at 6,4 feet .......................................3 at 7.0
WrlQhf-Elmw~ .............................................................................: .................2 8t 10 feet
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Therefore, ~he seismic risk to the Delta
The Sacramento-San Joaquin Dolra remains California’s fceshwaier tosoum~ ;t protects appe~s t0 be high. Without

back s~ w~t~r from San Francisco B~y and pmmct I~ ~th~id~nc~ and glob~l ~a l~wl rise.
D¢Ita’~ waist q,ul~*y. Ssv~ral faults caoablo of large
oa~hquak¢s pa~s thro,gh or near the. Delt,. Recently, ACKNOWLEDGEMENTS
lmvo demagsd D~l~a levee~. ~ ~,]y~]~ of n~ady all of th~ I wouM lik~ to thank O~rge Nowmarcb, Miche[c Ng, and
D~lta’s l~voo sys~oms rcv~at~d a high mmce.ptlhility t¢~ Jacques Oraber for their tim~ and ~p~tt in the review of

~althquak,, Bcc~us¢ th~ probability for major cmrthquak~s
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